Although nitrogen stable isotope ratio (δ N values might be modified by the metabolic response of macroalgae to environmental parameters (e.g., temperature, light, DIN concentrations). Differences between annual and perennial macroalgae indicate both a higher integration time of perennial compared to annual macroalgae and the possible role of passive versus active uptake mechanisms. Further studies are required to characterize the sensitivity of macroalgae fractionation to variable environmental conditions and uptake mechanisms.
N of annual and perennial macroalgae (Ulva sp., Enteromorpha sp., Fucus vesiculosus and Fucus serratus) are compared to δ 15 N-DIN along the Charente Estuary, after characterizing δ 15 N of the three main DIN sources (i.e. cultivated area, pasture, sewage treatment plant outlet). During late winter and spring, when human activities produce high DIN inputs, DIN sources exhibit distinct δ 15 N signals in nitrate (− 3 NONO3−) and ammonium ( + 4 NHNH4+): cultivated area (+6.5 ± 0.6‰ and +9.0 ± 11.0‰), pasture (+9.2 ± 1.8‰ and +12.4‰) and sewage treatment plant discharge (+16.9 ± 8.7‰ and +25.4 ± 5.9‰). While sources show distinct −δ15 3 N-NOδ15N-NO3− in this multiple source catchment, the overall mixture of − 3 NONO3− sourcesgenerally >95% DIN -leads to low variations of δ15N-− 3 NOδ15N-NO3− at the mouth of the estuary (+7.7 to +8.4‰). Even if estuarine δ15N-− 3 NOδ15N-NO3− values are not significantly different from pristine continental and oceanic site (+7.3‰ and +7.4‰), macroalgae δ 15 N values are generally higher at the mouth of the estuary. This highlights high anthropogenic DIN inputs in the estuary, and enhanced contribution of 15 N-depleted + 4 NHNH4+ in oceanic waters. Although seasonal variations in δ15N-− 3 NOδ15N-NO3− are low, the same temporal trends in macroalgae δ 15 N values at estuarine and oceanic sites, and inter-species differences in δ 15 N values, suggest that macroalgae δ 15 N values might be modified by the metabolic response of macroalgae to environmental parameters (e.g., temperature, light, DIN concentrations). Differences between annual and perennial macroalgae indicate both a higher integration time of perennial compared to annual macroalgae and the possible role of passive versus active uptake mechanisms. Further studies are required to characterize the sensitivity of macroalgae fractionation to variable environmental conditions and uptake mechanisms.
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INTRODUCTION 43 44
The intensification of urbanization, together with agricultural development, have 45 worldwide increased dissolved inorganic nitrogen (DIN) entering estuarine and coastal waters 46 (Nixon, 1995; Middelburg and Nieuwenhuize, 2001 ). These high DIN supply enhance the total 47 production of ecosystems (Fujita, 1985 heavily affected by human activities taking place either into estuaries themselves (e.g., 51
fisheries, recreation, introduction of exotic species) or on watersheds (e.g., agriculture, 52 urbanization). They are thus very sensitive to eutrophication (Vitousek et processes (Heaton, 1986; McClelland and Valiela, 1998; Horrigan et al., 1990) . The drainage area of the Charente River extends over 10,000 km 2 ( Fig. 1) + (97 ± 3 %; first step) and NO 3 -(98 ± 3 %; second step). All precautions were 240 taken to avoid contaminations: glassware and plasticware were acid-washed, diffusion packets 241
were prepared a few hours before the start of the experiments and stored in a desiccator, 242 diffusion packets were removed from sample bottles after each step and stored in a desiccator 243 over P 2 O 5 and concentrated H 2 SO 4 beakers to trap any trace of water and ammonia. Glass fiber 244 disks used to trap NO 3 -and NH 4 + were taken out from diffusion packets, placed in tin capsules 245 and immediately analyzed to determine δ 15 N and avoid any reaction between tin and acidified 246 disks. 247
Frozen macroalgae tissues were freeze-dried, ground using a ball mill and stored in a 248 desiccator chamber before stable isotope analyses. Around 0.750 ± 0.001 mg DW of 249 macroalgae powder were weighed in tin capsules for δ 15 N measurements. 250
For both glass fiber disk and macroalgae powder, N isotope analyses were carried out 251 using an Isoprime IRMS (Micromass, UK) after sample combustion in an elemental analyzer 252
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As growth rates were identical for both Fucus species (Fig. 6) , uptake rates were only 382 measured for Fucus serratus. Mean hourly uptake rates (at NO 3 -concentrations of 500 µmol l (Fig. 7) . Uptake rates were significantly higher for annual 386 species (Ulva sp. 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 as extended intertidal mudflats are present at the mouth of the estuary (Fig. 1) . Both bacterial 537 processes on the frond and benthic NH 4 + fluxes are however expected to be low in this study 538 because of the low winter temperatures (Feuillet-Girard et al., 1997). As explained above, the 539 absence of variations along the estuary is rather explained by the intense and rapid mixing of 540 riverine and marine waters by tidal currents and waves in the Charente Estuary, which was also 541 The decrease of δ 15 N values from January to April followed by an increase in May in 593 annual species is not observed in perennial species, which might be explained by differences in 594 growth and uptake rates and/or uptake mechanisms between annual and perennial species. Finally, the low fractionation during DIN uptake in annual species can be related to the 607 dominance of diffusive DIN transport, which process has already been shown to prevail in 608
Ulva sp., in particular in DIN-enriched environments (Taylor et al., 1998) . 609
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